Introduction
The therapeutic efficacy of incretin-related drugs is thought to be greater in Japanese patients with type 2 diabetes mellitus (T2DM) than in Western patients, primarily because of inadequate secretion of insulin. 1, 2 In Japan, the maximum approved dose of liraglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist, is 0.9 mg/day. In clinical trials, this dose achieved good glycemic control when used alone [3] [4] [5] [6] or in combination with a sulfonylurea. 7 In Western countries, liraglutide may be administered at higher doses of 1.2 or 1.8 mg/day, 8 and substantial evidences have shown that liraglutide is effective in glycemic control alone, 9 or in combination with a sulfonylurea 10 and with metformin plus a sulfonylurea. 11 Sitagliptin, a dipeptidyl peptidase-4 inhibitor that also targets the incretin system, has also been approved in Japan. Its approved dose is 100 mg/day, which is the same as that used in Western countries. Intriguingly, the dose of sitagliptin was not adjusted in Japanese patients, despite the possible risk of hypoglycemia when used in combination with a sulfonylurea. 12 Although several studies have compared liraglutide and sitagliptin in terms of efficacy and safety, these studies were performed in Western countries and enrolled patients with inadequate glycemic control despite treatment with metformin. 13, 14 Therefore, from a clinical perspective, it is important to compare efficacy and safety, especially hypoglycemia, between liraglutide and sitagliptin at doses approved for Japanese patients with T2DM and inadequate glycemic control despite treatment with a sulfonylurea.
In 2001, the Japan Diabetes Clinical Data Management Study Group ( JDDM) was established with the objective to conduct clinical research of diabetes in Japan. [15] [16] [17] [18] The JDDM performed this 24-week, randomized, parallel-group, openlabel study in primary care settings. Japanese patients with T2DM and inadequate glycemic control on a sulfonylurea and/or other oral antidiabetic drugs were treated with 0.9 mg liraglutide or 50-100 mg sitagliptin. The efficacy of these two treatments was compared in terms of hemoglobin A1c (HbA1c) and other indices, including markers of pancreatic β cell function and cardiovascular biomarkers of glycemic/metabolic control. We also compared their safety profiles in terms of hypoglycemia and adverse events. The effects of both drugs on quality of life were evaluated using the problem areas in diabetes (PAID) questionnaire. We chose this tool because it was developed to compare diabetes-related psychosocial distress between injectable and oral therapies, [19] [20] [21] and is therefore appropriate in the present study that compared an injectable drug (liraglutide) and an oral drug (sitagliptin).
Methods
This 24-week, open-label, randomized, parallel-group study was conducted at 21 primary care centers in Japan. The study consisted of a 4-week screening/run-in phase from Visit 1 and a 24-week treatment phase from Visit 2. The present study was approved by the Ethics Committee of the JDDM, as previously described. [15] [16] [17] [18] All patients provided informed consent at Visit 1 in accordance with the Guidelines for Epidemiological Studies of the Ministry of Health, Labour and Welfare of Japan. The study was registered on the University Hospital Medical Information Network (identifier: UMIN000004970).
Patients. Patients with T2DM who satisfied the following criteria at Visit 1 (Week-4) were eligible for this study: able to attend outpatient visit every one month, age 18 to 80 years, being educated to continue diet and exercise therapy, treatment with a sulfonylurea and/or one or two other oral antidiabetic drugs for greater than or equal to eight weeks before Visit 1, HbA1c (National Glycohemoglobin Standardization Program [NGSP]) 6.9-9.4%, and body mass index 35 kg/m 2 . The sulfonylurea was administered at a stable and approved dose (2-6 mg glimepiride, 2.5-10 mg glibenclamide, or 80-160 mg gliclazide). Other oral antidiabetic drugs were discontinued from Visit 2. Patients using non-sulfonylurea oral antidiabetic drugs before enrollment started a sulfonylurea at the same time as starting the allocated study drug. The type and dose of the sulfonylurea was at the physician's discretion. Therefore, patients only received a sulfonylurea in combination with the allocated study drug during the treatment period. Patients with any of the following criteria were excluded from the study: tendency toward repeated hypoglycemia unawareness or clinically significant hypoglycemia; maculopathy requiring urgent treatment; proliferative retinopathy; hepatic dysfunction (aspartate aminotransferase 80 IU/L or alanine aminotransferase 80 IU/L) or a past history of liver fibrosis/cirrhosis; renal impairment (estimated glomerular filtration rate 60 mL/minute/ 1.73 m 2 ); known allergy to the test drugs or related products; current or history of malignant tumor with recurrence strongly suspected; women who were pregnant, breast-feeding (within one year after delivery), or intended to become pregnant; participation in another clinical trial within 12 weeks of Visit 1; treatment with liraglutide or sitagliptin within 12 weeks of Visit 1; treatment with insulin within 12 weeks of Visit 1 (patients who had used insulin for less than or equal to seven days in the last 12 weeks were eligible); current or planned systemic steroid treatment; and patients who were considered to be unsuitable for this study at the attending physician's discretion. P-values below 5% (two-tailed) were considered to be significant. All analyses were performed with the statistical software package SPSS (SPSS Japan Inc., Tokyo, Japan).
Treatments. The subjects were randomized at Visit 2 (Week 0) when either liraglutide or sitagliptin was started. The liraglutide dose was started at 0.3 mg, and was increased to 0.6 mg at Week 1 and to 0.9 mg at Week 2. However, if necessary, the dose increase could be delayed in the event of gastrointestinal disorders or other tolerability issues. Sitagliptin was started at 50 mg/day and was increased to 100 mg/day after taking into account the occurrence of hypoglycemia and changes in glycemic control.
For patients using a sulfonylurea, the dose could be reduced at the physician's discretion within one week of Visit 2. Glimepiride could be reduced to 2.0 mg, glibenclamide to 1.25 mg, and gliclazide to 40 mg according to recommendations for the use of GLP-1 receptor agonists and DPP-4 inhibitors in combination with a sulfonylurea. At Visit 4 and thereafter, the sulfonylurea dose could be increased or decreased at the physician's discretion, taking into account the patient's blood glucose level and risk of hypoglycemia. Otherwise, the dose used previously was continued without change.
The subjects were instructed to continue diet therapy and, if deemed necessary, exercise therapy, throughout the study. The patients were prohibited from using oral antidiabetic drugs (except sulfonylureas) and insulin.
Follow-up visits after starting treatment were scheduled every month for 24 weeks.
Endpoints. The primary efficacy endpoint was the change in HbA1c from baseline to Week 24. HbA1c values were originally determined in Japan Diabetes Society values and were converted to NGSP values using the following certified equation 19 : HbA1c (%, NGSP) = HbA1c (%, JDS) + 0.4%. Secondary efficacy endpoints included the following: fasting blood glucose levels, proportions of patients achieving HbA1c (NGSP) 6.9% and 7.4%, body weight, markers of pancreatic β cell function (homeostatic model assessment of β cell function [HOMA-β] and proinsulin/insulin ratio), cardiovascular biomarkers (N-terminal prohormone of brain natriuretic peptide [NT-proBNP], high-sensitivity C-reactive protein [hsCRP]), blood pressure, and the PAID questionnaire. Safety was evaluated in terms of hypoglycemic events and adverse events, which were evaluated by interviews at each visit.
PAID questionnaire. The PAID questionnaire was completed at baseline and at Week 24 to assess diabetes-related psychosocial distress. The PAID questionnaire consists of 20 items aimed at assessing the perspective of patients to their current emotional burden of diabetes and its treatments. [20] [21] [22] The questionnaire has been extensively validated as a clinical tool and an outcome measure. The questionnaire was translated and validated in Japanese, 23 and has been used in several clinical studies in Japan. 24, 25 In the present study, each item was scored using a five-point Likert-type scale, where 1 = not a problem and 5 = a serious problem, and the sum score was calculated as previously described.
24
Statistical analysis. The sample size required to provide statistical power of 80% was calculated to be 64 patients per group based on a mean difference of -0.5% and a common standard deviation of 1.0%. Based on the assumption that the discontinuation/withdrawal rate was 15%, we intended to enroll 76 subjects per group (152 subjects in total).
Efficacy was evaluated in the per-protocol set (PPS), which consisted of all patients who complied with the study protocol. Missing data were not substituted. Changes in clinical variables after treatment of allocated drugs from the baseline values were analyzed by paired t-test except for PAID score in which Wilcoxon rank sum test was used. For comparisons of efficacy variables between the two groups, analysis of covariance (ANCOVA) was used with the baseline value as a covariate and treatment group as a fixed effect. Proportions of patients with HbA1c 6.9% or 7.4% were compared using χ 2 tests. Safety was evaluated in the intent-to-treat (ITT) set, which consisted of all randomized patients. P-values under 5% (two-tailed) were considered to be significant. All analyses were performed with the statistical software package SPSS (SPSS Japan Inc., Tokyo, Japan).
Results
Patients. Between July 2010 and October 2012, 103 patients were registered in an internet-based case management system by the participating physicians. Of these, 99 were eligible and were randomized to either liraglutide (n = 50) or sitagliptin (n = 49) (Fig. 1) . In all, 6 patients in the liraglutide group discontinued treatment and 44 patients completed the study. A total of 11 patients in the sitagliptin group discontinued treatment and 38 patients completed the study. Therefore, 82 patients were included in the PPS.
The baseline characteristics of the patients in both groups are presented in Table 1 , in which no statistical differences were found between the two. Overall, 11 patients were using drugs other than a sulfonylurea before enrollment, with a biguanide used alone in six patients, an α-glucosidase inhibitor (α-GI) used alone in two patients, a biguanide plus an α-GI used in one patient, an α-GI plus a pioglitazone used in one patient, and a biguanide plus a pioglitazone in one patient. All of these patients switched to a sulfonylurea at randomization to the study drugs.
The mean doses of liraglutide and sitagliptin at Week 24 were 0.81 ± 0.22 mg/day and 56.1 ± 16.6 mg/day, respectively. The liraglutide dose at the last visit was 0.3 mg in 5 patients, 0.6 mg in 2 patients, and 0.9 mg in 37 patients. The sitagliptin dose at the last visit was 25 mg in 1 patient, 50 mg in 29 patients, and 100 mg in 8 patients. The sulfonylurea dose was similar in both groups.
HbA1c. Change in HbA1c from baseline to each visit and the time-course of HbA1c are shown in Table 2 and Figure 2 . In the liraglutide group, decreases in HbA1c from baseline were apparent at Week 4 onward, with a decrease of 0.5% at Week 8 onward (P  0.001 vs. baseline at Weeks 4-24). The reduction was greatest at Week 12 (-0.78 ± 0.78%). The decrease in HbA1c was maintained through to Week 24, at which time the change from baseline was -0.59 ± 0.80%. HbA1c also decreased over time in the sitagliptin group, although the decrease from baseline was only statistically significant at Week 16 (-0.34 ± 0.91%). The change in HbA1c from baseline to Week 24 was -0.24 ± 0.94%, which was not significant. The change in HbA1c from baseline to Week 24 was therefore greater in the liraglutide group than in the sitagliptin group, although the difference was not statistically significant (P = 0.0525). When we repeated the analysis in the per-protocol population, the change in HbA1c from baseline to Week 24 was -0.63 ± 0.85% in the liraglutide group versus -0.19 ± 0.85% in the sitagliptin group, which was statistically significant (P = 0.0491).
Japanese CliniCal MediCine 2014:5 Notes: *The high dose was defined as 2.0 mg for glimepiride, 5.0 mg for glibenclamide, and 80 mg for gliclazide. Values are means ± standard deviation or n (%). Abbreviations: BMi, body mass index; sU, sulfonylurea; Hba1c, hemoglobin a1c; nGsp, national Glycohemoglobin standardization program; FpG, fasting plasma glucose; F-iRi, fasting immunoreactive insulin; F-proinsulin, fasting proinsulin; HOMa-R, homeostatic model assessment of insulin resistance; HOMa-β, homeostatic model assessment of β cell function; CpR, C-peptide immunoreactivity; nT-proBnp, N-terminal prohormone of brain natriuretic peptide; hsCRp, highsensitivity C-reactive protein.
Japanese CliniCal MediCine 2014:5 Overall, 39.5 and 26.3% of patients in the liraglutide and sitagliptin groups had HbA1c 6.9% at Week 24. The responder rate was greatest at Week 8 and 12 in the liraglutide group (46.8 and 46.7%, respectively) and at Week 20 in the sitagliptin group (30.0%).
Secondary endpoints. The changes in secondary endpoint from baseline to Week 24 are summarized in Table 3 . Body weight decreased by 0.60 kg in the liraglutide group and increased by 0.29 kg in the sitagliptin group, although these changes were not significant. Fasting plasma glucose (FPG) decreased significantly from baseline to Week 24 in the liraglutide group (-21.15 ± 31.22 mg/dL, P  0.0001) but not in the sitagliptin group (+0.46 ± 39.39 mg/dL, P = 0.9403), corresponding to a significant between-group difference (P = 0.0014). In terms of other secondary endpoints, although HOMA-β and CPR increased significantly in the liraglutide group but not in the sitagliptin group, the between-group differences were not statistically significant.
The PAID total score decreased slightly and to a similar extent in the liraglutide (-2.41 ± 7.97) and sitagliptin (-2.97 ± 15.67) groups. However, the changes from baseline to Week 24 were not significant in either group.
There were no significant changes in the other secondary endpoints in either group.
Safety. Adverse events were reported in four patients in the liraglutide group, and included injection site erythema in two patients, common cold in one patient, diarrhea in one patient, and unruptured cerebral aneurysm in one patient. No one discontinued the liraglutide group because they were transient or considered to have no definite causal relationship. Adverse events were also reported by two patients in the sitagliptin group; both events were hand stiffness. One of these patients discontinued administration of sitagliptin because of the adverse event.
Hypoglycemic symptoms were reported in nine patients in the liraglutide group (18.0% of patients in the ITT set). The symptoms included hand tremor in three patients, a floating feeling in three patients, cold sweat in one patient, floating feeling/cold sweat/hand tremor in one patient, and hand tremor/ cold sweat/weakness in one patient. Hypoglycemic symptoms were also reported in five patients in the sitagliptin group (10.2% of patients in the ITT set). The symptoms included a floating feeling in one patient, lassitude in one patient, hand tremor in one patient, dizziness in one patient, and weakness/ cold sweat in one patient. None of the patients in either group discontinued treatment because of hypoglycemic symptoms. None of the patients experienced hypoglycemia requiring assistance from another person. The patients did not self-monitor blood glucose at the time of hypoglycemic symptoms.
Discussion
This 24-week, multicenter, open-label, randomized, parallelgroup study was conducted to compare the efficacy and safety of two incretin therapies, namely liraglutide and sitagliptin, in Japanese patients with T2DM and inadequate glycemic control despite using a sulfonylurea or one/two non-sulfonylurea drugs. We found that treatment with either liraglutide or sitagliptin in combination with a sulfonylurea reduced HbA1c levels, suggesting that either drug should be considered for use in combination with a sulfonylurea in patients with inadequate glycemic control despite using one or more oral antidiabetic drugs. Notably, the reduction in HbA1c was significantly greater in the liraglutide group than in the sitagliptin group up to Week 20. Unfortunately, the significance of the reduction was borderline at Week 24, probably because of the small numbers. We suggest that GLP-1 receptor agonists may be more effective than DPP-4 inhibitors in Japanese patients.
It is thought that pancreatic β cells have reached a state of exhaustion and are unable to secrete sufficient insulin in patients with inadequate glycemic responses to a sulfonylurea. 26 GLP-1 receptor agonists and DPP-4 inhibitors augment glucose-dependent insulin secretion from β cells and suppress glucagon secretion from pancreatic α cells. 27 Although the former effect is dependent on functional β cells, we confirmed that liraglutide, in particular, was still capable of improving glycemic control. One explanation is that liraglutide has greater suppressive effects on glucagon secretion, 6 which might be reflected by the greater reduction in FPG in the liraglutide group than in the sitagliptin group. Alternatively, the β cell exhaustion might represent desensitization to glucose, and this might be restored by liraglutide via the GLP-1 receptor through changes in signal transduction and increased availability of releasable insulin. 28 This latter possibility is supported by the significant increases in HOMA-β Abbreviations: BMi, body mass index; FpG, fasting plasma glucose; F-iRi, fasting immunoreactive insulin; F-proinsulin, fasting proinsulin; HOMa-R, homeostatic model assessment of insulin resistance; HOMa-β, homeostatic model assessment of β cell function; CpR, C-peptide immunoreactivity; nT-proBnp, n-terminal prohormone of brain natriuretic peptide; hsCRp, high-sensitivity C-reactive protein; paid, problem areas in diabetes survey.
and C-peptide levels observed in this study in the liraglutide group. Similar findings were reported in a prior study in Western patients treated with 1.2 or 1.8 mg liraglutide or 100 mg sitagliptin in combination with metformin. In this study, fasting C-peptide, fasting proinsulin-to-insulin ratio, and HOMA-β improved significantly in the liraglutide group over 26 weeks 29 and 1 year. 14 Thus, the results of studies in Japanese and non-Japanese patients suggest that treatment with a GLP-1 analog, such as liraglutide, might have greater blood glucose-lowering effects than sitagliptin in patients with inadequate glycemic responses to a sulfonylurea or other oral drugs.
In the liraglutide group, the magnitude of the decrease in HbA1c was greatest at Week 12, at which time the proportion of responders with HbA1c 6.9% was also greatest. The magnitude of the decrease in HbA1c from baseline was smaller at subsequent visits. Consistent with our study, other Japanese studies revealed that HbA1c decreased over the first 8-12 weeks and was maintained thereafter in patients treated with liraglutide alone 4 or in combination with a sulfonylurea. 7 However, because the baseline HbA1c levels were greater in these earlier studies, the reductions in HbA1c were greater in these studies (-1.88 and -1.56%) than in our study (-0.59%). Nevertheless, these reductions in HbA1c were achieved in patients treated with 0.9 mg/day liraglutide, which is half the maximum dose used in Western studies (1.8 mg/day). 9, 10 In our study, 39.5% of liraglutide-treated patients achieved HbA1c 6.9%. Therefore, the results of our study and of prior studies in Japan 4, 7 indicate that 0.9 mg/day is an appropriate dose for Japanese patients.
Prior studies have shown that GLP-1 receptor agonists are associated with body weight reductions. For example, in a meta-analysis 30 of three clinical studies in non-Japanese patients, liraglutide was associated with a reduction in body weight of -2.12 kg (95% CI: -2.60, -1.63 kg) at 1.2 mg/day and of -2.70 kg (95% CI: -3.22, -2.18 kg) relative to active controls (sitagliptin, 29 glimepiride, 31 and insulin glargine). 1 In Japanese studies, however, the effects of liraglutide on body weight are less clear. For example, in a 24-week monotherapy study, body weight was reduced by 0.92 kg in the liraglutide group but increased by 0.99 kg in the glibenclamide group (P  0.0001). 4 By contrast, in another study in which Japanese patients were treated with liraglutide in combination with a sulfonylurea, there was a smaller reduction in body weight in the liraglutide group (-0.37 kg) than in the placebo group (-1.12 kg; P = 0.0071) over 24 weeks. 7 In the present study, body weight decreased by 0.60 kg in the liraglutide group and increased by 0.29 kg in the sitagliptin group, although these changes were not significant. Taken together, the results of these studies suggest that liraglutide has weaker body weightreducing effects in Japanese patients than in non-Japanese patients when used in combination with a sulfonylurea. A larger reduction in body weight was observed when liraglutide was administered as monotherapy, with a mean weight change of -0.92 kg compared with +0.99 for glibenclamidetreated patients (difference: -1.91 kg; P  0.0001). 4 A likely explanation for the smaller weight change in Japanese patients is that body weight and body mass index are lower in Japanese patients than in non-Japanese patients, which might limit the capacity for body weight reductions. Indeed, in a prior study, it was noted that body mass index at baseline was correlated with weight loss and was the only independent determinant of weight loss, 32 although it remains to be seen whether this is also true in Japanese patients. Alternatively, the dose of liraglutide used in Japanese studies is half of that used in other countries, and this might have an impact on the magnitude of the body weight reduction.
In the present study, we also assessed diabetes-related distress using the PAID questionnaire, in which lower scores indicate less distress. 16, 18 There were small reductions in PAID total scores in both groups, although the changes were not statistically significant in either group. These results suggest that the administration of liraglutide via subcutaneous injection does not negatively affect the daily life of patients with relatively advanced diabetes mellitus relative to an oral tablet, and that improvements in other aspects of the PAID questionnaire might outweigh possible negative perceptions of injections. A similar finding was observed in a previous paper in which liraglutide improved treatment satisfaction compared with sitagliptin owing to the greater reductions in HbA1c and body weight.
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Limitations
Some limitations of this study warrant mention. First, although the sample size required to achieve statistical power of 80% was calculated to be 64 patients per group, only 50 and 49 patients were enrolled into the liraglutide and sitagliptin groups, respectively, of whom 44 and 38 completed the study, respectively. Thus, the study was potentially underpowered to detect significant differences in HbA1c at Week 24. This might also have affected the ability to detect significant differences in secondary efficacy variables. Possible reasons for the lower than planned enrollment might include the fact that relatively few patients at the participating institutes were being treated with a sulfonylurea and that patients were more frequently prescribed other drugs, such as metformin and α-GI inhibitors. Second, in the circumstances that prevailing physician's prescription in 2011 in Japan was an inclusion of DPP-4 inhibitors with metformin and other oral drugs, together with minimization of sulfonylurea dosing that had been performed to most of the patients in each clinic, physician's discretion somehow did not fit to the study protocol resulting in the small numbers of participants and the occurrence of cases outside of the protocol.
Third, some patients in the liraglutide group had not been increased to the maximum permitted dose of 0.9 mg/day, with a mean dose of 0.81 mg/day at Week 24. The mean dose of sitagliptin at Week 24 was 56 mg/day, which indicates that the majority of patients were using 50 mg/day throughout the study. It is possible that a greater reduction in HbA1c would have been observed in the sitagliptin group if the dose had been increased to 100 mg/day.
Conclusion
In conclusion, this study in primary care settings showed that treatment with liraglutide or sitagliptin in combination with a sulfonylurea improved HbA1c in Japanese patients with T2DM and inadequate glycemic control at baseline. Considering that the reduction in HbA1c was greater in the liraglutide group, our results suggest that GLP-1 receptor agonists may be more effective than DPP-4 inhibitors in patients with advanced diabetes characterized by inadequate glycemic control despite oral treatment. The present results also suggest the improvement in glycemic control in the liraglutide group was possibly mediated by improvements in β cell function. Further studies are needed to evaluate the therapeutic efficacy of these treatment regimens and to identify patients who might best benefit from the addition of incretin therapy to ongoing treatments.
